This paper presents work on the design rationale and architecture of ReMindMe. ReMindMe aims to provide agent-based support for people with Alzheimer's disease and their social environment by playing music with a strong personal meaning to the patient so as to activate personal memory recall. ReMindMe stimulates reminiscence and self-disclosure of personal memories. Through long-term interaction with the patient, the ReMindMe agent gradually constructs a knowledge base containing information about the patient's life stories. The agent uses this knowledge base to engage in mutual conversational self-disclosure about personal memories so as to stimulate reminiscence. Future research aims to develop and refine ReMindMe through coactive design and testing 'in the wild', i.e. at dementia care facilities. The envisioned outcome of the project is a usable and effective proof-of-concept of a conversational agent for the dementia care practice.
PROBLEM STATEMENT
The populations of modern societies are aging, causing the number of people with Alzheimer's disease to rise each year (World Health Organization, 2015) . Alzheimer's disease has deteriorating effects on patients' emotional, cognitive, behavioural, and social functioning (van Gennip et al., 2014; Verhey, 2015) . Patients' memories are affected, causing them to forget where they put their keys, where they are, or where they live; they may no longer recognize the important people in their life, know how to cook a meal, or how to follow a recipe. Such experiences can lead to feelings of lowered self-esteem, loss of autonomy, confusion, depression, and anxiety (Alzheimer's Association, 2015) .
As of yet, there exists no treatment to cure Alzheimer's disease (World Health Organization, 2015) . Medicinal treatments of Alzheimer's disease primarily aim to reduce the syndrome's negative effects, yet the benefits of available medicinal treatments often do not outweigh their negative sideeffects (Banerjee et al., 2009; Koopmans et al., 2015) .
An alternative to medicinal treatments, is the use of psychosocial interventions: non-medicinal treatments that aim to support and improve the quality of life for people with Alzheimer's disease, while moderating the negative implications caused by the syndrome (Droës et al., 2006; Lawrence et al., 2012 Riley et al., 2009) . Patients greatly benefit from a supportive social environment that regards them as complete individuals rather than as people with Alzheimer's disease (van Gennip et al., 2014) . And so, psychosocial interventions also take patients' social environment into account, e.g. family, friends, and caregivers (Droës et al., 2006; Lawrence et al., 2012; van Gennip et al., 2014; Wallace et al., 2012) . This holistic view on dementia care is particularly important as the disabilities caused by Alzheimer's disease often force patients to increasingly rely on their social environment, causing a major physical, emotional, and economic impact on the lives of their family and friends (Alzheimer's Association, 2015; van Gennip et al., 2014; Verhey, 2015) .
DESIGN RATIONALE
This paper introduces preliminary work on the design and architecture of a system called ReMindMe: an agent-based support system for people with Alzheimer's disease and their social environment (also see Figure 1 ). It also describes a research proposal for the further development and evaluation of this system.
ReMindMe helps patients and their caregivers in two ways. First of all, it aids patients in recalling personal memories, thereby reinforcing their sense of identity, security, safety, and self-esteem (Droës et al., 2006; Lawrence et al., 2012; van Gennip et al., 2014; Wallace et al., 2012) . Second, ReMindMe stimulates self-disclosure, i.e. the mutual sharing of personal memories with kindred parties (Derlega et al., 2008; Dindia et al., 2002; Greene et al., 2006) . Selfdisclosure is important for the development and maintenance of high-quality interpersonal relationships. Such relationships are characterised by a mutual liking, familiarity, and security (Chan and Cheng, 2004; Collins and Miller, 1994; Greene et al., 2006; Pecune et al., 2013; Pecune et al., 2014) . Thus, selfdisclosure of personal memories between patients and caregivers helps staff personnel and informal caregivers to improve their delivery of care, due to an improved awareness of patients' personal needs, and it helps patients in developing a sense of companionship and acceptance (Cooney et al., 2014; Haight et al., 2006; Subramaniam and Woods, 2012; Subramaniam et al., 2014; Thieme et al., 2011; van Gennip et al., 2014) .
Research suggests that the musical memory remains largely unaffected in Alzheimer's Disease. This allows for the musical memory to act as a gateway to memories of lifetime events, even if such access can no longer be achieved through a verbal route (Clark and Warren, 2015; Cuddy and Duffin, 2005; Cuddy et al., 2015; Jacobsen et al., 2015; Janata et al., 2007; McDermott et al., 2014; Norman-Haignere et al., 2015; Sarkamo et al., 2014; Schulkind and Woldorf, 2005; Simmons-Stern et al., 2012; Sixsmith and Gibson, 2007; Ueda et al., 2013; Vasionyte and Madison, 2013) . Therefore, to activate the patient's brain and autobiographical memory, ReMindMe uses personalized music, which is to be provided by the patient's family and friends.
THE ReMindMe AGENT
Spoken language is the most natural way of communication, especially for people with Alzheimer's disease. And so the ReMindMe agent will be capable of engaging in vocal communication. The agent will use either a NAO robot or a virtual agent for its body.
The ReMindMe agent engages in conversational self-disclosure to develop its relationship with the patient. This means that the agent must itself be a worthy interlocutor for people with Alzheimer's disease, capable of developing and maintaining an equal, confidential, and secure relationship with the patient (Breazeal, 2004; Fiske, 1992) .
Self-disclosure is expressed in the following ways: (a) refer to mutual knowledge more often (Planalp and Benson, 1992; Richards and Bransky, 2014) ; (b) share an increasing amount, breadth, and depth of personal information (Bickmore et al., 2009; Bickmore and Schulman, 2012; Collins and Miller, 1994) ; and (c) paraphrase the user's utterances more often (Cassell et al., 2007) .
The extent to which the agent self-discloses should gradually increase as the relationship advances. The ReMindMe agent will use a computational model to determine the appropriate level of self-disclose. The level of self-disclosure is determined using a classification scheme by (Barak and Gluck-Ofri, 2007) . The agent reciprocates the user's level of self-disclosure by discussing only things deemed appropriate for the topic and level of selfdisclosure chosen by the user. Because of the reciprocal nature of selfdisclosure, the agent needs an identity and 'personal memories' to be accepted as a worthy interlocutor. The framework provides the agent with an identity and memories by using fictitious 'back stories' (e.g. name, personal memories, favourite music). Although one might find this deceitful, research suggests people perceive this as engaging and enjoyable (Bickmore et al., 2009 ).
PROPOSED RESEARCH
The ReMindMe architecture (also see Figure 2 ) describes a computational model that senses the current relationship status and provides corresponding self-disclosure speech acts (i.e., questions or 'own' experiences). The content, depth, and style of dialogue are derived from the domain knowledge representation and prior conversations (i.e., 'shared experiences') while maintaining conversational flow. The architecture consists of the following components:
Text Interpreter. ReMindMe will use off-the-shelf speech-to-text (Nuance's Dragon) and text-to-speech (Acapela) technology. A domain knowledge representation will enable the agent to grasp the underlying meaning of the user's utterances. Example: The agent grasps that this song is related to a happy memory of the user's wedding as it recognizes utterances 'I like', 'song', and 'wedding'. Domain Knowledge. The domain knowledge representation -to be developed with the use of ontology engineering (Noy and McGuinness, 2001; Peeters et al., 2014b ) -will contain general prior knowledge about levels of self-disclosure, relationships, personal memories, and music; and specific prior knowledge about the agent's back story. It will conversation, and relationship. Example: the agent knows 'wedding' means 'two people getting married'.
Conversation State Tracer. The state tracer will keep track of the conversational discourse and state. Example: The agent knows that 'this song' refers to Elvis' 'Love me tender'.
Dialogue Planner. The dialogue planner will enable the agent to construct sentences that, i.a., (1) self-disclose information, (2) ask questions, (3) paraphrase the user, and (4) resolve miscommunication. Example: The agent asks "Who did you marry?"
APPROACH
The ReMindMe system will be developed and evaluated by conducting a series of user-based studies (see Table 1 ) following situated Cognitive Engineering (Neerincx and Lindenberg, 2008; Neerincx, 2011; Peeters et al., 2012) : a human-computer interaction design methodology with a strong focus on theory development through the systematic generation and testing of hypotheses. To carefully handle privacy considerations, the project will employ best practices of Value-Sensitive Design (Friedman et al., 2013) .
Participants. The target groups are (a) people with mild to moderate dementia -as determined by dementia care professionals -, and (b) their informal and (c) professional caregivers. Participating patients still live in their own homes and visit meeting centres on 
Activity Description
Human-human study Patients and informal caregivers engage in conversation sessions* in mixed pairs. Design conversation models
Outcomes of the human-human study are used to model (1) conversation states and transitions between them; (2) a set of appropriate speech acts for each conversational state; (3) sentence constructions for speech acts; and (4) a conversation log to determine the conversational discourse. Needs assessment All target groups participate in structured group interviews (Beer et al., 2012; Peeters, 2014) at their meeting centres to obtain information about the needs of the target groups in relation to personal memory support, and opportunities and requirements for a ReMindMe application to meet those needs. Scripted human-human study
Patients engage in single conversation sessions* with the experimenter, who strictly follows the designed conversation models. Adjust conversation models Adjust conversation models based on outcomes of scripted human-human study. Design knowledge representation Design a domain knowledge representation based on outcomes of both non-scripted and scripted human-human study, using ontology engineering (Noy and McGuinness, 2001; Peeters et al., 2014b) . Wizard-of-oz study
Patients participate in single conversation sessions* with the agent in a Wizard-ofOz set-up: unbeknown to the user, the experimenter simulates the agent's behaviour (Bernsen et al., 1994; Peeters et al., 2014a) . Expert review Dementia care professionals and clinical psychologists review the ontology following an ontology review method, described in (Peeters et al., 2014b) . Adjust framework Adjust framework based on outcomes of Wizard-of-Oz study. Implement prototype Implement prototype with the aid of a programmer. Pilot study
Patients participate in a run-through of the proof-of-concept evaluation to check the experimental set-up and prototype usability.). Adjust prototype Adjust prototype based on outcomes of pilot study. Proof-of-concept study Patients engage in 12 conversation sessions* 2 or 3 days apart with the -fully implemented and autonomously functioning -agent.
weekdays for daytime activities with other patients. Patients with severe dementia may have difficulty engaging with the agent, and so are excluded from participation. People with dementia are a vulnerable target group, meaning careful attention is paid to ethical conduct, e.g. informed consent and data storage. * Conversation sessions -procedure. Patients and their conversational partners (i.e. informal caregiver, experimenter, or agent) take turns playing their favourite music and asking each other about associated memories for 30 minutes at their regular meeting centres. Participants are encouraged to follow up on each other's stories. During all sessions, a trusted caregiver will be present to step in if needed.
CONCLUSION
This paper proposes the design and development of an agent-based support system for people with Alzheimer's disease and their social environment, called ReMindMe. The envisioned system will stimulate patients to reminisce about personal memories and engage in self-disclosure about those memories.
The agent itself will also be able to engage in conversations about personal memories with the patient, thereby relieving from time to time the patients' caregivers. As the agent develops an equal, confidential, and secure relationship with the patient, the agent can serve as a trusted companion when the patient transitions from the trusted home environment to a new care facility. We expect that ReMindMe will greatly contribute to the dementia care practice as a complementary tool that implements three effective psychosocial interventions: trigger memory recall with the use of music, reminiscence, and self-disclosure.
